Vibrated granular materials have been intensively used to investigate particle segregation, convec-5 tion and heaping. We report on the behavior of a column of heavy grains bouncing on an oscillating 6 solid surface. Measurements indicate that, for weak effects of the interstitial gas, the temporal vari-7 ations of the pressure at the base of the column are satisfactorily described by considering that the 8 column, in spite of the observed dilation, behaves like a porous solid. In addition, direct observation 9 of the column dynamics shows that the grains of the upper and lower surfaces are in free fall in the 10 gravitational field and that the dilation is due to a small delay between their takeoff times.
In a previous work, we reported on the formation and 48 on the, even more striking, upward motion of millimetric 49 droplets on an incline subjected to vertical vibration [14] . 50 We later showed that the viscous drag, which is of the 51 order of the droplet weight, is responsible for the droplet 52 formation while the gas pressure at the droplet base pro- 
60
In the present report, we focus on the gas pressure and 61 dilation in a simplified geometry, i.e. a cylindrical gran-62 ular column subjected to vertical vibration. We limit the 63 study to the regime of low viscous friction by using par- 
II. EXPERIMENTAL SETUP AND PROTOCOL

85
The experiment consists in monitoring the dynamics which avoids pressure variations due to the deformations.
107
We checked that the response time of the transducer is 108 shorter than 1 ms. Thus, the configuration achieves mea- (Fig. 2e) .
151
In next section III B, we interpret qualitatively the 152 behavior of the system. In section III C, we discuss as the height of the column decreases (Fig. 2d) .
Relaxation
217
Finally, after the collapse, the column sits at rest on 218 the substrate. The system enters the region III in Fig. 2 .
219
However, the pressure of the gas in the column is initially 
235
In flight, the column is submitted the gravity and to the 236 force associated with ∆P . Denoting z G (t) the altitude of 237 the column center of mass, G, we write: 
258 Thus, combining the equations governing the motion of 259 the column (Eq. 1) and the pressure variations (Eq. 2)
260
and taking into account that, in absence of dilation, z G = 261 h 0 /2 + s + z, we write: 
The relaxation timeφ κ is the characteristic time needed clue that the model is acceptable (Fig. 3b) . Note finally Sec. III C 1). We previously assumed that the compress-317 ibility of the gas could be neglected when the grains are 318 in motion (Sec. III C 1), but we must take it into account 319 to describe the relaxation of ∆P when the column is at 320 rest.
321
Considering the Darcy law and the adiabatic pressure experimentally.
332
In order to recover the experimental relaxation time,
333
one must take into account that the column sits above a 334 pressurized cavity and that the relaxation time is rather 335 due to the escape of the gas trapped underneath. We es- is observed experimentally (Fig. 2a) . Assuming that the 
357
In this framework, the evolution of ∆P while the col-
358
umn settles back onto the substrate (Fig. 2, region II) 359 would require to take both the dilation of the column 360 and the compressibility of the gas into consideration.
361
We mention here that, in this regime, a horizontal front in the region II (Fig. 2) , before the column completely 377 collapsed and remains sitting at rest on the substrate. 
413
Consider the grains of the first layer at the top of the 414 column. We observe experimentally that they experience 415 a free fall, z 0 (t) (Fig. 2a) . To account for this observation,
416
we note that the friction of air has negligible effect on iso-417 lated grains or, at least, an effect much smaller than that 418 on a dense column. As a result, at γ = −1, the grains 419 of the free surface take off and detach from the dense 420 column below whose trajectory, governed by Eq. (4), is 421 always below that expected for a free fall. As a conse-
2 where, we remind, t 0 is the time at take-off.
424
Interestingly, we observe in Fig. 2c that h increases lin- 
